Introduction
Left heart valve disease is the most common cause of tricuspid regurgitation (TR). 1 The prevalence of TR in patients undergoing left heart valve surgery is ranging between 25 and 30%, 2 and the loss of coaptation due to annular or right ventricle dilatation the most usual cause of TR. 3 A recent meta-analysis on 2488 patients showed that the absence of treatment on tricuspid valve during mitral valve operations is related to a higher risk of developing moderate to severe TR, even when the valve defect is mild to moderate. 4 For this reason, current guidelines suggest the treatment of tricuspid valve in case of (i) severe primary or secondary TR (Class I LoE C); (ii) moderate primary TR (Class II LoE C); (iii) right annular dilatation (Class II LoE C). 5 In the last 10 years, the approach to the treatment of left heart valve disease has changed, and for high risk patients, the percutaneous approach is substituting the more conventional surgery. [6] [7] The selection criteria moderate to severe TR, [6] [7] despite the suggestion of an increased risk of mortality in patients with moderate to severe TR. [8] [9] [10] [11] [12] [13] [14] Considering these data, we have performed a systematic review and meta-analysis on all the available evidences in the literature regarding the predictive role TR on all-cause mortality or on cardiovascular death for patients undergoing TAVI or mitraclip.
Methods

Search strategy
We performed a systematic review and meta-analysis following preferred reporting items for systematic reviews and meta-analyses (PRISMA) amendment to the quality of reporting of meta-analyses (QUOROM) statement. [15] [16] [17] [18] The search strategy was elaborated in September 2016.
The terms searched were (((mitraclip) OR ((transcatheter) OR (percutaneous) AND (mitral valve repair)) OR ((TAVI) OR (transcatheter aortic valve implantation))) AND ((outcome) OR (mortality) OR (cardiac death) OR (hospitalization) OR (heart failure) OR (reintervention)). The databases analysed were Google Scholar, Pubmed, Biomed Central, and Cochrane library. Only articles published in English and in peer-reviewed journal were selected. Two independent reviewers analysed the records and decided the ones deserving a full-text analysis.
Selection criteria
The inclusion criteria for the studies were: (i) observational or randomized clinical trials (RCTs) in patients treated with mitraclip or TAVI;
(ii) evaluation of the TR degree; (iii) data on the predictive role of TR on all-cause mortality or cardiovascular mortality expressed as adjusted odds ratio (OR) or hazard ratio (HR); (iv) inclusion of at least 50 patients. Exclusion criteria were: (i) duplicate reports; (ii) duplicate of the sample size; (iii) case reports/series. The same reviewers (RP, SR) independently analysed references of all the evaluated articles for avoiding the eventual exclusion of additional studies. All the authors agreed on the final number of studies included.
Data abstraction, endpoints, and subgroup analyses
The reviewers completed a database with data regarding: the journal, year of publication, the hospital centre, population characteristics, echocardiographic data (degree of TR, ejection fraction (EF), systolic pulmonary arterial pressure (sPAP), valve implanted, variables analysed at multivariate analysis). The primary endpoint of the analysis was the HR of moderate to severe TR in patients undergoing TAVI or mitraclip procedures. A subgroup analysis according the kind of procedure done (mitraclip vs. TAVI) and the length of the follow-up (< _ 1 year vs. >1 year) was also performed. The secondary endpoint was cardiovascular mortality. The definition of the severity of TR for analysis differed between articles: Ohno et al., 9 Hutter et al., 12 and Barbanti et al. 13 and considered moderate/severe TR vs. mild/none; Giannini considered a TR grade > 2; 10 Puls et al. 8 considered severe TR; Lindman considered mild vs. moderate vs. severe and we decided to use the HR of all-cause mortality for severe TR.
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Internal validity and quality appraisal
Two unblinded reviewers evaluated the quality of included studies using pre-specified electronic forms that were piloted over the first three cases and using a modified version of the Newcastle-Ottawa Scale for cohort studies ( Table 2) . 19 The divergences were resolved by consensus. No studies were excluded on the basis of this analysis. 
Data analysis and synthesis
Results
Search strategy
A total of 815 records were analysed: 687 about mitraclip and 128 about TAVI (Figure 1) . After a first evaluation of titles and abstracts 86 records were screened and 77 of these were excluded because they failed to report on TR. Nine studies were analysed as full-article ( Figure 1 ). Three articles were excluded: one was a review, one was not reporting data about TR and all-cause mortality and one 14 ( Figure   1 ) was a possible sample duplicate of the population of Puls et al. 8 Six studies were included in qualitative and quantitative analysis. [8] [9] [10] [11] [12] [13] [14] Of these only the study of Lindman et al. 11 was a RCT, all the others were observational studies. [8] [9] [10] 12, 13 Population characteristics
A total of 2329 patients were analysed: 1328 treated with TAVI and 1001 with mitraclip. The mean age was 78.38 (3.09), 63% of patients were male. Hypertension was present in 39% of the population, diabetes in 25%, a previous myocardial infarction affected the 16% of the patients ( Table 1 ) and atrial fibrillation 37% of the population. Mean EF pre procedure was 41% (14%); mean pre procedure sPAP was 50(7) mmHg and mean EuroSCORE was 20(06).
Primary outcome and secondary outcomes
The HR for all-cause mortality of moderate to severe TR in patients undergoing TAVI or mitraclip was 2.0 (95% CI 1.57-2.55) (Figure 2 ). The HR just for patients undergoing TAVI was 2.10 (95% CI 1.52- 
Discussion
At the state of the art, this is the first systematic review on the predictive role of TR on all-cause mortality in patients undergoing mitraclip or TAVI procedure. The data are confirmed for both procedures and no-one of the factors valued at the meta-regression analysis affected the outcome. Interestingly, even if the studies were conducted on patients with mixed diseases (mitral regurgitation vs. aortic stenosis), the heterogeneity expressed as I 2 was insignificant, even more corroborating the data obtained. Unfortunately, it was not possible to draw any conclusion on cardiovascular death since only the study by Giannini et al. 10 was focused on this outcome and enrolled a small number of patients undergoing mitraclip. The population analysed in our meta-analysis was a high risk one as showed by the mean age, EF, PAPs, and EuroSCORE. Our results represent the first step in the understanding of the relationship between TR and outcome in patients undergoing percutaneous repair of left heart valve disease. However, there are several questions still unsolved. First of all, does TR play a primary role in determining the outcome of these patients or is it just a marker of patients' risk and complexity? In this regard, current available data are scanty and conflicting. On one side, the study of Barbanti et al. 13 showed that, in patients treated with TAVI, the risk for all-cause mortality was higher in those with moderate to severe TR, only in case of EF > 40%. Authors suggested that comorbidities are the real responsible of the adverse outcome in the presence of severe TR, and that severe TR could be considered as a surrogate marker of other concomitant risk factors. On the other side, in patients treated with mitraclip, the presence of moderate to severe TR is predictive of a composite outcome of death and hospital readmission for HF (P = 0.015) but only in patients with EF < 35%. 9 In this case, authors suggested that this particular finding could be related to the high risk of these patients to develop biventricular failure. Our meta-analysis did not give an answer to this dilemma, even if it underlines once again the necessity to improve the definition of the risk in patients affected by TR and left heart valve disease undergoing percutaneous procedures. Secondly, a more defined approach to the quantification of the severity of the TR is needed. Currently, in clinical practice, the quantification of TR is less standardized than it is for mitral valve. The same semi quantitative and quantitative methods used for mitral valve should be systematically employed to quantify TR. Thirdly, does TR improve as a result of the correction of the left heart valve disease or is it necessary a combined approach involving tricuspid valve? After the correction of the left heart valve disease there is an improvement of the TR, 9, 12 even if this phenomenon seems to be extremely variable 13 and related also to other comorbidities and heart disease. Thus, new tailored randomized trials are needed to determine whether the presence of moderate to severe TR, with or without right ventricular or annular dilatation, is a new potential target for a combined percutaneous approach in patients undergoing percutaneous left heart valve procedure. This could be particularly important since several and new percutaneous techniques are now available to treat also tricuspid valve. All these unsolved issues suggest that a 'mentality shift' in the percutaneous approach to heart valve is needed. Nowadays, the use of echocardiography is crucial to guide the selection of the patients and correct apposition of the mitraclip. 28 As for TAVI, the whole procedure is planned on a combined approach made by echocardiography, multislice computed tomography, angiography, and cardiovascular magnetic resonance. 29 Along with this 'procedure-centred' approach, a more detailed and shared evaluation of the tricuspid valve disease severity would be necessary to understand its impact and the possible need of a standardized combined approach involving also the treatment of tricuspid valve in patients undergoing TAVI or mitraclip.
Study limitation
This is a study level meta-analysis and for this reason it has several limitations. First of all, we compared data of patients treated for mitral regurgitation with those treated for aortic stenosis. However, subgroup analysis confirmed the same data also for every single category of patients. Secondly, factors analysed at the multivariate analysis are widely different among studies and in particular we considered data at the univariate analysis for the study of Hutter et al. Thirdly, only one study showed data about cardiovascular death. Finally, there are no data to clearly define the pathophysiologic mechanism behind the TR (e.g. annular dilatation, right ventricle dysfunction, and degenerative disease) and how other factors like systolic PAP or EF change in the follow-up. For all these limitations and because this meta-analysis is based on data coming from observational study and one RCT, data obtained should be considered only hypothesis generating and a background to plan future trial to define the criteria for the percutaneous treatment of TR in patients with concomitant left heart valve disease undergoing TAVI or mitraclip.
Conclusions
The current meta-analysis suggests that the presence of moderate to severe TR in patients undergoing mitraclip or TAVI might be a major determinant of all-cause mortality. New studies are needed to confirm it and to plan possible intervention in order to reduce its impact.
